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Section 1: Reproducibility of AFM images 

Figure S1 shows some of the additional AFM phase images, which have been used 

to check reproducibility of the determined number of crystals and to obtain the error bar for 

the data points in Figure 8 of the main text. The experiments follow the method illustrated in 25 

Figure 3A of the main text.  

  

  

(A) 2 s (B) 4 s   

Numcryst: 2, Nv(t): 8.00×1017 m-3 Numcryst: 4, Nv(t): 1.60×1018 m-3   

  

  

(C) 10 s (D) 20 s   

Numcryst: 55, Nv(t): 2.20×1019 m-3 Numcryst: 207, Nv(t): 8.28×1019 m-3   

  

  

(E) 40 s (F) 100 s   



Numcryst: 295, Nv(t): 1.18×1020 m-3 Numcryst: 548, Nv(t): 2.19×1020 m-3   

  

  

(G) 200 s (H) 400 s   

Numcryst: 750, Nv(t): 3.00×1020 m-3 Numcryst: 1116, Nv(t): 4.46×1020 m-3   

Figure S1 AFM phase images of PA 66 after thermal treatments as shown in Figure 3A of 

the main text. Annealing temperature  times. (A) 2 s, (B) 4 s, (C) 10 s, (D) 20 s, 

(E) 40 s, (F) 100 s, (G) 200 s, (H) 400 s. 

Section 2: Number density of nuclei from AFM images through ImageJ 30 

software 

This section shows how to process the data for estimating the number of crystals in 

the AFM images and estimating the number density of nuclei. The AFM images are stored in 

the RGB-color scheme. The RGB color scheme is an additive color model in which red, 

green, and blue are combined in various ways to reproduce a broad array of colors. 35 

Unfortunately, the software cannot distinguish the crystalline and amorphous phases through 

the brightness of the spots in the images. By transferring the RGB-color images to a 8-bit 

color scheme with black and white contrast this becomes possible. The crystals and 

amorphous phases are finally represented by white and black color, respectively. Figure S2 

shows an example of transferring a RGB-color image (A) to a 8-bit color image (B). 40 



    

(A)                                                                      (B) 

Figure S2 Example of pre-processing AFM images to adapt them to ImageJ software. The 

image of Figure 7L from the main text is applied to illustrate the procedure. (A) 

AFM image (RGB color scheme); (B) AFM image after transformation to the 8-bit 45 

color scheme. 

In the 8-bit color image, the crystals can be identified and captured by the ImageJ 

software. Contrast is further enhanced by changing grey to red as in Figure S3A. The 

corresponding result for the crystal number, 1263, is shown in Figure S3B. 

 (A) 50 

 

 (B) 

Figure S3 (A) Example of identifying the crystals in the AFM images by ImageJ software. 

Crystals are marked in red color. (B) Results of ImageJ analysis. The red circle 

highlights the obtained crystal number in the 25 µm2 image area. 55 



Figure S4 (A)-(F) shows the identification of crystals in the AFM images 

corresponding to Figure 7 (G)-(L) of the main text through the ImageJ software. 

 

(A)                          (B) 

 60 

(C)                          (D) 

 

(E)                           (F) 

Figure S4 Identifying the crystals in AFM images by ImageJ software. (A)-(F) corresponds 

to Figure 7 (G)-(L) of the main text, respectively. 65 



 

The number of crystals in average and their corresponding nuclei densities are listed 

in Table S1. The nuclei densities (Nv(t)) are estimated through 

𝑁𝑣(𝑡) =
𝑛(𝑡)

𝐴𝑎𝑟𝑒𝑎 × 𝐿𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠
     (S1) 

where n(t) is the number of crystals observed in the AFM images after annealing for a 70 

particular time t, Aarea is the area of the AFM image (25 μm2). As shown in Figure S4, the 

diameter of the crystals is about 0.1 μm. We assume in each layer with the thickness of 0.1 

μm the crystal number is equal to the number of crystals observed by AFM. Therefore, 

Lthickness, the thickness containing the observed crystals, is assumed 0.1 μm. With this 

assumption, the nuclei density in the three-dimensional space can be estimated through 75 

Eq.(S1).1 

 

Table S1. The number of crystals in AFM images after annealing at 310 K and estimated 

nuclei density through Eq.(S1). 

Annealing time in s Average number of crystals Nuclei density in m-3 

1 2* 8.0×1017 

2 3* 1.2×1018 

4 5* 2.0×1018 

10 55 2.2×1019 

20 94 3.8×1019 

40 259    1×1020 

100 421 1.7×1020 

200 795 3.2×1021 

400 1220 4.9×1021 

*counted by eyes. 80 

Section 3: Influence of the FSC oven (starting) temperature on the observed 
enthalpy changes 

In the combined AFM-FSC setup, the oven temperature is limited to 278 K by the 

AFM. In a dedicated FSC setup, the oven temperature was set to 83 K. In both cases, the 

oven temperature determines the starting temperature of the heating scans. The influence of 85 

these different starting temperatures on the quality of the heating curves was studied. 



Isothermal crystallization experiments were performed and the corresponding FSC heating 

curves are shown in Figure S5 (A) and (B) for the oven temperatures of 278 K and 83 K, 

respectively. The corresponding results for the cold-crystallization enthalpy are shown in 

Figure S5 (C) and (D). The data obtained from FSC with an oven temperature of 83 K 90 

display a better linearity than the data at 278 K because of better stability of the curves 

starting at 83 K. This influences the linearity of the enthalpy data at short annealing times. 

Nevertheless, the linear fits yield similar slopes for the time dependencies within the first 20 

s.  
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Figure S5 Specific heat capacity against temperature with oven temperatures 278 K (A) and 

83 K (B). Enthalpy change of cold-crystallization against annealing time with 

oven temperatures 278 K (C) and 83 K (D).  

Section 4: FSC curves after annealing at different temperatures 100 

Figure S6 shows the FSC reheating curves after annealing at different temperatures 

from 315 to 420 K, which corresponds to the green segment in Figure 9 of the main text. The 

annealing time for annealing temperatures from 310 to 325 K are between 0.01 and 100,000 

s, and the annealing time for annealing temperatures from 330 to 420 K are between 0.01 

and 10,000 s. 105 
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Figure S6 FSC heating scans of PA 66 after isothermal annealing at different temperatures 

for different times between 0.01 s and 100,000 s, as indicated in the legend. The 

heating rate is 10,000 K s-1, and the vertical arrow indicates the temperature of 

prior annealing. 120 

As illustrated in Figure S7, the nucleation kinetics can be investigated by analyzing 

the enthalpy change due to cold-crystallization in the heating scans of Figure S6. The 

dependence of the cold-crystallization enthalpy on annealing time have been fitted by a 

double Avrami function, as described in Eq.(1) of the main text. The half-time of nucleation, 

thalf,nucl, can be obtained through this double Avrami fit. 125 
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Figure S7 Cold-crystallization enthalpy at different temperatures; (A) 315 K, (B) 320 K, (C) 

325 K, (D) 330 K, (E) 335 K, (F) 340 K, (G) 345 K, (H) 350 K, (I) 355 K, (J) 360 K, 

(K) 365 K, (L) 370 K, (M) 375 K. The data are fitted by a double Avrami equation 135 

(see Eq.1 in main text). 

Figure S8 shows the total enthalpy change from the heating scans in Figure S6. The 

fit with the Avrami function including secondary crystallization, Eq.(2) of the main text, 

provides the half-time of crystallization. 
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Figure S8 Total enthalpy change as function of annealing time after annealing at different 

temperatures as indicated in the legends. The data are fitted by the Avrami 

equation (Eq.(2) in the main text). 

Section 5: Estimating the steady state nucleation rate, Jst, through isothermal 
FSC experiments 155 

By using Eq.(9) of the main text, the dependence of Nv(t) on annealing time can be 

estimated through the cold-crystallization enthalpy. Then, with a fit to Eq.(6) of the main text, 

the steady-state nucleation rate can be obtained from the data in Figure S9 . 
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Figure S9 Estimated nuclei number Nv(t) as a function of the annealing time at 

temperatures from 315 K to 375 K; (A) 315 K, (B) 320 K, (C) 325 K, (D) 330 K, 

(E) 335 K, (F) 340 K, (G) 345 K, (H) 350 K, (I) 355 K, (J) 360 K, (K) 365 K, (L) 

370 K, (M) 375 K. The data are fitted by the CNT expression for the steady-state 

nucleation rate (Eq.(6) in the main text). 170 
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